
108 PART TWO Th e Primates 

f >J . ?ri mtlk.s t'n P.a.AS~ '<4. I :i NJ! ccb 'f;1 on I 2-0 l / 
Ca cY'\nbeU J 8.L-en 10 HM /c..1 n mn , t'>eaifo/.lr. S+v. vnyif eds~ 

I I I J 

8 

The Cebines 
Toward an Explanation of Variable Social Structu re 

Katharine M. Jack 

l. While the ceb ines are widely distributed throughout Central and South America, only 

members of the genus Cebus appear to be able to exploit variable habitat types (they 
are referred to as .. habitat genera li sts .. ). What characteristics (e.g .. behavioral. morpho

logical. social) enable Cebus to occupy diverse habitat types, and what character istics 
act to restrict Saimiri to mainly secondary lowland tropical rain forests? 

2. What is parallel dispersal , and how does it affect the social relationships of the 
cebines? 

3. As a genus, Saimiri are unique in that they display a full range of dispersal patterns 
observed in group-living primates. What are these patterns, and why do we see such 
diversity across this genus? 

INTRODUCTION 

Capuchins (genus Cebus) and squirrel monkeys (genus 
Saimiri) . which together make up the subfami ly Cebinae. 
are among the most widely recognized species of New 
World primates. Some may recognize capuchins as 
the hat-tipping, money-collecting panner of the organ 
grinder or may have seen them in movies or television 
ads spreading a deadly strain of the Ebola virus or as 
the .. spokesperson., for any number of products , both of 
which have little to do with being a capuch in or a pri
mate . Although perhaps not quite as recognizable as their 
capuchin cousins, squirrel monkeys are also wel l known 
because of their prominence in the i !legal pet trade and 
their use in biomedical research; they are one of the 
most commonly used laboratory primates. second only 
to rhesus macaques (Macaca mulatto) (Kinzey L997c) . 
Although these two primate genera have much in com
mon and can often be observed in the same forests in 
Central and South America, they compr ise a very diverse 
subfamily, particularly in respect to their morphology 
and behavioral ecology. 

TAXONOMY AND DISTRIBUTION 

The taxonom ic classification of the platyrrhines has seen 
a long history of debate. and the exact placement of the 
genera Cebus and Saimiri within the infraorder has been 
particu larly problematic (see Janson and Boinski 1992 for 

review). Ford and Davis (1992:434) sum the problem up 
succinctly, stating that ··cebus and Saimiri are in some 
ways enigmatic .. and " [t]heir potential relat ionships to each 
other and to other New World monkeys remain unclear" 
(see also Tyler 1991). They argue that morphological and 
life history data indicate that Cebus may have separated 
from the other platyrrhines as many as 20 million years 
ago and , accordingly. they should be placed within their 
own subfam ily. Groves (200la) agrees, placing Cebus in 
the subfamily Cebinae and Saimiri in Chrysotrichinae (also 
Saimirinae; see Rosenberger's interpretation in Schneider 
and Rosenberger 1996) , although he does group these 
two neotropical primates together in the fami ly Cebidae, 
accompan ied only by the small squirrel-like marmosets 
and tamarins (Cal/ithrix. Cal/imico, Leonropithecus, and 
Saguinus: subfami ly Hapalinae). Contrary to these classi
fication schemes that place Cebus and Saimiri in different 
subfam ilies, other taxonomists argue that current phy
logenetic analyses of both morphological and molecular 
data support the placement of these two genera together 
within the Cebinae subfami ly (Schneider et al. 1993: for 
recent rev iews. see Rylands et al. 2000 and Schneider and 
Rosenberger 1996). The question of whethe r or not the mar
mosets a nd tamarins. and perhaps owl monkeys (Aotus), 
hould accompany Ce/ms and Saimiri in the Cebinae sub

family is st ill highly debated; and here I follow Rylands 
et al. (2000) in considering Cebus and Sai111iri to be the 
exclusive members of Cebinae and use the term "cebine" to 
refer solely to these two genera. 



Four species of Cebus (C. ape/la. C. a/bifrons. C. capuci
nus, and C. olivaceus) and more than 30 subspecies are 
traditionally recognized (Ford and Hobbs 1996). A fifth 
species, C. kaapori. discovered in 1992 (Queiroz 1992. cf. 
Masterson 1995), is increasingly included in this list. Groves 
(2001 a) and Rylands et al. (2000) have called for the recog
nition of C. libidinosus. C. xanthostemos. and C. nigritus 
as distinct species rather than subspecies of C. ape/la, as 
they have previously been classified (see Fragaszy er al. 
2004b for review). The four better-known Cebus species 
are divided into two main groups according to the presence 
or absence of tufts on the top of the head. The tufted group 
contains only one species, C. ape/la , while the untufted 
group contains C. albifrons, C. capucinus, and C. olivaceus 
(Hershkovitz 1949 based on Elliot 1913). 

The number of species included within the genus Saimiri 
has been widely investigated, and molecular studies con
ducted in the last decade have shed much I ight on the 
topic. Historically, the genus was divided into only two 
species based on geographic distribution : S. oerstedii in 
Central America and S. sciureus in South America. In 
some accounts, S. oerstedii is li sted as an offshoot of S. sci

ureus that was thought to have been introduced to Central 
America by humans in pre-Columbian times (Hershkovitz 
1969; cf. Cropp and Boinski 2000. Costello et al. 1993; see 
Boinski 1999 for review of Saimiri taxonomy); however, 
genetic analyses have shown this not to be the case, and it 
is now known to be a distinct species (Cropp and Boinski 
2000). Taxonomists are now in general agreement on the 
division of Saimiri into five species. with as many as 12 sub
species: S. oerstedii, S. sciureus, S. bo!il'iensis, S. ustus, and 
S. vanzolinii (Groves 200la. Rylands et al. 2000). This divi
sion is based on a variety of molecular, morphological, and 
behavioral data (Boinski and Cropp 1999; see also Ayres 
1985, Groves 2001a). It should be noted that the previous 
practice of classifying all South Amer ican squirrel mon
keys together as S. sciureus does lead to some confusion 
when trying to decipher early reports of squirrel monkey 
taxonomy and behavior. In particular, most of our current 
information on S. boliviensis comes from Mitchell 's (e.g .. 
1990) study at Manu, Peru, where the species was formerly 
referred to as S. sciureus (see Boinski 1999). The species 
designator "sciureus" is now reserved for squirrel monkey 
populations in the northeastern Amazon Basin (Colombia, 
Ecuador, and Venezuela) and the Guyana Shield (Boinski 
1999, Boinski and Cropp 1999). 

The geographic distribution of the cebines overlaps 
extensively; indeed, the two genera are often found in 
sympatry and commonly form mixed-species associations 
(see later section "Ecology"). The geographic range of 
Cebus is more extensive than that of Sa imiri and, among 
New World monkeys, is second only to that of Alouatta 
(howler monkeys) (Sussman 2000). Cebus range through
out much of Central and South America, from Honduras in 
the north to Argentina in the south (Eisenberg 1989) (see 
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Fig. 8.1 for map of Cebus distribution) . With the exception 
of C. capucinus, which ranges from Honduras through the 
northwestern coast of Ecuador (Rowe 1996), all Ceb11s 
species are indigenous to South America (see Table 8.1 
for species distributions and common names) . Despite 
the large geographic distribution of this genus, long-term 
field studies have been limited, with the majority of data 
coming from six main field sites: C. capucinus in Santa 
Rosa and Lomas Barbuda! (Costa Rica); C. o/ivaceus in 
Hato Masaguaral (Venezuela); and C. ape/la in Iguazu 
(Argentina), Manu (Peru) , and a study begun in 2000 at 
Raleighvallen (Suriname) (see Fragaszy et al. 2004b for a 
complete overview of field studies of Cebus) . To date, only 
short-term studies of C. albifrons have been undertaken 
in Peru (Janson 1984, 1986), Colombia (Defier 1979a,b, 
1982), Ecuador (Field 2008, Matthews 2008, Jack 2005) , 
and Trinidad (Phillips and Abercrombi 2003). Despite 
this apparent paucity of studies focused on this genus in 
the wild. particularly in comparison to the long-term field 
studies of many Old World monkey and ape species, Cebus 
is one of the most extensively studied genera of New World 
primates, with studies of C. cap11cinus in Costa Rica well 
into their third decade. 

Saimiri are found in two geographically separated pock
ets. A single species. S. oerstedii, is isolated in Central 
America in a relatively small area of lowland forests that 
extend from the central Pacific coastline of Costa Rica 
through the Pacific Coast of western Panama. The remaining 
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Figure 8 .1 Distribution map of Cebus (B . Lenz, adapted from 
Fragaszy et al. 2004a ). 
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spec ies occu r in the lowland forests of the Amazon Basin of 
South America from Guyana through Parag uay (Boin sk i 
et al. 2002) (Fig. 8.2 and Table 8. 1 ). To date. long-term stud
ies of Soimiri have been limi ted: S. oerstedii in Corcovado. 
Costa Rica (e.g., Boi nski 1987c, 1988a); S. holiviensis in 
Manu. Peru (M itchell 1990, 1994 : Boinski 199 1, 1994): 
and S. sci11 reus in Raleighva llen. Suriname (Boinski 1999). 
which is currently the on ly long-term investigat ion being 
undertaken on thi s genus (see Boinski et al. 2002 for a sum
mary of shorter studies). 

ECOLOGY 

Morphological Adaptations to Habitat and Diet 

Cehus are medium-sized primates, with fema les weigh
ing l.4-3.4 kg (mean = 2.3 kg) and males ranging 1.3-4.8 
kg (mean = 3.0 kg) depending on the species under con
sideration (see Table 8.2). Cebus display moderate levels 
of sexual dimorphism. with males weighing 19.5%-27% 
more than fe males (mean = 247( . Table 8.2) and possessing 
canine teeth that are 169C-229'c larger than fema le canines 
(Kay et al. 1988) . Soi111iri are considerably smaller than 
Cebus, with male weights ranging 620-l.200 g (mean = 
884 g) and fema le weights rangi ng 600-880 g (mean = 700 
g). However, the degree of sex ual dimorphism in body size 
is comparable aero s the two genera (male Soi111iri are on 
average J 9.7% larger than fema les) (Table 8.2) (see also 
Janson 1984). Both Cebus and Soimiri show large brain 

to body weight ratim. particularly for primates of their 
size. a trend that may be an adaptation to their relative ly 
large home ranges . variable diets (Stephen et al. 1988; see 
Terborgh 1983 for home range compar isons), and/or complex 
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Figu re 8.2 Distribution map of Saimiri (8. Lenz. adapted from 
Boinski 1999). 
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Table 8.1 Species, Common Nam es, and Geographic Distribution of the Most Commonly Recog nized Cebines 

SCIENTIFIC NAME 

Cebus albifrons 

C. ape/la' 

C capucinus 

C. olivaceus 
(also C. nigrivittatus) 

C. kaapori 

Saimiri oerstedii 

S. sciureus 

S. ustus 

S. boliviensis 

S. vanzolinii 

COMMON NAME 

White- fronted capuchin 

Tufted, black-capped, or brown capuchin 

White- faced, white-headed, or 
white-throated capuchin 

Weeper or wedge-capped capuchin 

Ka'a por capuchin 

Red-backed or Central American 
squirrel monkey 

Common or South American squirrel monkey 

Golden-backed or ba re-eared squirrel monkey 

Bol ivia n or black-capped squirrel monkey 

Bl ack squirre l monkey, many classify with S. ustus 

GEOGRAPHIC DISTRIBUTION 

Brazil, Colombia, Ecuador, Peru, Venezue la, northern 
Bolivia, and Trinid ad 

Northern and central South America from Colombia 
and Ecuador (west of the Andes) through coastal Braz il 

Honduras through northwestern Ecuador 

Northeastern Brazil, Guyana, French Guiana, Suriname, 
and Venezuela 

Brazil 

Central Pacific Coast of Costa Rica through Pacific 
Coast of Panama 

North- central South America (Brazil, Guyana, French 
Guiana, Suriname, Venezuela, Ecuador, and Colombia) 

Northwestern Brazil 

Brazil, Bol ivia , Peru 

Northwestern Brazil 

1 C. /i/Jidi11os11 s. C. .w111hosremos. and C. 11igrir11s are now considered by man' taxonomists to be di>tinct specie;, . rather than subspecies of C. ape/la. The 
above list fo llow' more traditional taxonOlll). 
Sources: Ce/>us . Groves ~OO l a. Rowe 1996. Fragaszy et al. 200-lb: Sai111iri. Grove, 2001a. Boinski 1999. Ro"e 1996. 
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Table 8.2 Adult Weights and Sexual Dimorphism of the Cebines 

MALE BODY WEIGHT FEMALE BODY WEIGHT DEGREE OF 

GENUS SPECIES RANGE (MEAN) (G) RANGE (MEAN) (G) SEXUAL DIMORPHISM 

Cebus a/bifrons 1,700-3,260 (2,480) 1,400-2,228 (1,814) 270/o 

ape/la 1,350-4,800 (3,050) 1.7 58 - 3,400 (2,385) 220/o 

capucinus 3,765- 3,970 (3,668) 2,610-2,722 (2,666) 270/o 

alivaceus 1,447-4,500 (2,974) 1,589-3,200 (2,395) 19.50/o 

Mean 3,043 2,315 240/o 

Saimiri boliviensis (992) (751) 24.30/o 

oerstedii 750-950 (829) 600-800 (695) 160/o 

sciureus (740) (635) 140/o 

ustus 620-1,200 (910) 710-880 (795) 130/o 

vanzolinii (950) (650) 31.50/o 

Mean 884 705 19. 70/o 

Sources: Ford and Davis 1992 (data based on wi ld individuals on ly ). Boinski ( 1999): with the exception of those weights for female S. oers1edii, sexual 
dimorphism for S. boliviensis, male S. oerstedii. and S. sci11re11s has been calcu lated based on weights provided in Boinski ( 1999) rather than Ford and 
Davis ( 1992) because of earlier practices of Jumping numerous spec ies under S. sciureus. 

forag ing patterns (e.g., Fragaszy 1990, Parker and Gibson 
1977, Terborgh l 983) 

In addition to differences in absolute body size, Cehus 
and Saimiri display considerable morphological variability. 
For example, although both genera have skeletons adapted 
fo r quadrupedal locomotion , they differ markedly in their 
relative limb proportions. Unlike other pl atyrrhines, Cebus 
tend to have forelimbs and hindlimbs of fairly equal propor
tions, while Sa imiri have comparatively longer hindlimbs 
(Fleagle 1999). This is likely an adaptation for the more 
freq uent leaping that characterizes Saimiri locomotion, 
wh ile the equal limb lengths of capuchins may be an adap
tation for their more terrestrial locomotor patterns (Janson 
and Boinski 1992). Overall, Cebus postcranial anatomy is 
more similar to that of terrestrial Old World monkeys than 
it is to that of other platyrrhines , which is likely because 
capuchins, particularly the untufted species, spend more 
time on the ground than other platyrrhines. Capuchins also 
have a semiprehensi le tail that, unlike their ateline cousins 
(see Chapter 11 ), is fully covered in fur and unable to sustain 
the full weight of an adult. Instead, the tail provides support 
and balance and is commonly used to anchor an individual 
to trees while foraging (see Fig. 8.3) . Squirrel monkeys loco
mote quadrupedally along the surfaces of thin branches and 
lianas, often leap between them (Boinski et al. 2002), and 
rarely descend to the grou nd to forage. Although they are 
born with prehensile tails, the grasping ability is Jost with 
age and the rather large tail of adults assists only in balance 
(Boi nsk i 1989a) (Fig. 8.4). 

The dentition of Cebus and Saimiri is also variable and 
appears to refl ect dietary differences between the two gen
era. Although cebines are considered the most omnivorous 

of the platyrrhines (Fleagle 1999) and both Cehus and 
Saimiri are traditionally categorized as frugi vore-insecti
vores (Robinson and Janson 1987), Saimiri display a rela
tively heavier reliance on insects, while Cebus rely more on 
fruit (see Janson and Boinski 1992 for review). The cebines 
spend upward of 75% of their day engaged in active forag
ing (Robinson and Janson 1987), and Saimiri can spend up 
to 80 % of thi s time foraging just for insects. The diets of 
both genera are extremely flexible, and individuals are able 
to alter their diet to become very specialized in response 
to changing environmental conditions. For example, dur
ing the peak of the dry season, Saimiri are able to become 
complete insectivores for up to a week at a time, while 
Cehus, which can survive in very marg inal habitats, can 
rely almost completely on bromeliads (a plant in the fam
ily that includes pineapples) or become seed predators 
in times of food stress (see Sussman 2000 for review). 
Cebus are very adept at capturing small vertebrate prey, 
including birds (and eggs), lizards, squirrels (Fig. 8.5), 
and coatis, although such animal prey form only a small 
portion of their diet (-0.5%-2.5 %) (Sussman 2000). The 
hunting behavior displayed by Cebus is opportunistic rather 
than cooperative in nature (see Perry and Rose 1994). 
Interestingly, at least among C. capucinus, the individual 
that captures the prey, regardless of age or sex class, is able 
to eat it with only minimal harassment from other group 
members (K. M. Jack personal observation). Although food 
sharing does occur in this genus, it is indirect in that bits of 
food are dropped or left behind for other group members to 
eat (Perry and Rose 1994). 

Cehus are often referred to as "habitat generali sts" 
(Chapman et al. I 989a) in that they occupy a great 
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Figure 8.4 An adult fema le Sai111iri oers1edii with 6-monlh-old 
infant. Note the lack of prehensile tails (photo by Katharine M. Jack). 

diversity of habitats. including primary forests of all 
types (rain, cloud, dry, deciduous, etc.) , highly disturbed 
and fragmented areas, as well as swamp and seasonally 
flooded forests (Freese and Oppenheimer 1981). Members 

Figure 8.3 An adult male Cebus 
capuci1111s using his semiprehensile 
tail to anchor him while forag ing fo r 
insects (photo by Katharine M. Jack). 

of the genus Cebus are the most dextrous of the platyrrhine 
primates. They have shortened fingers, "pseudo-opposable 
thumbs," and the ability to move all digits independently 
of the others (Janson and Boinski 1992). This dexterity, 
accompanied by what seems to be an innate curiosity, 
is readily visib le in their foraging habits. Capuchins are 
extractive foragers (Parker and Gibson 1977) and appear 
to specia li ze in consuming foods that "fight back"-foods 
that have hard protective cover ings , toxins , and other 
predatory defenses or insects and vertebrates that bite and/ 
or sting (Fragaszy et al. 2004b) . In order to access these 
foods , wild capuchins will pound hard husked or shelled 
objects onto a substrate, and they frequently rid food items 
of spines or poisonous hairs by rubbing them against 
branches (Panger et al. 2002b). In some cases, these food 
items are wrapped in leaves prior to rubbing, perhaps as a 
way of directly protecting the hands from the toxins they 
are attempting to remove (Panger et al. 2002b). Fragaszy 
et al. (2004a) recently described a wild group of C. apella 
in Brazil that are regularly observed to crack open palm 
nuts using rocks in a hammer and anvil-type fashion , 
further demonstrating the dexterity and ingenuity of these 
small New World primates. Capuchins have been observed 
using a variety of other tool s in the wild, including a club 
to attack a venomous snake, leaves as containers , and 
probing tools to access imbedded foods; among the nonhu
man primates, capuchins and the great apes are considered 
to be the most adept and varied tool users (see Panger et al. 
2002b) . Another characteristic that Cebus has evolved as 
a means of gaining access to protected foods (e.g., palm 
nuts) is their thick tooth enamel; in fact , when tooth size is 



Figure 8.5 An adult male Ceb11.1· cap11ci1111s holds a young squi rrel he 
has just killed (photo by Katharine M. Jack). 

taken into account. Cebus show the thickest tooth enamel 
of any nonhuman primate (Kay 1981: see Janson and 
Boinski 1992 for review) . 

Despite their large geographic distribution , the habitat 
preferences of Saimiri show extreme ecologica l cons istency 
(see Janson and Boinski 1992). Saimiri show a preference 
for tropical lowland rain forests (Boinsk i et al. 2002), with 
most activities concentrated in secondary forests and rel
atively littl e ti111e in primary and late successional forests 
(Boin ski 1987c: see Sussman 2000 for review). Although , 
in general. the cebines are more manually dextrous than 
other platyrrhines, Saimiri do not possess the manipulative 
abilities that are so characteristic of capuchins . Squirrel 
monkeys do not have independently mobile digits , nor do 
they possess opposable thumbs , a combination that prohibits 
them from generating a strong grip between the fingers a nd 
thu111b (Janson and Boinski 1992) . Although both Saimiri 
and Cehus rarely go after prey that is in 111otion , Sai111iri are 
111ore prone to hunt potentially 111obi le prey that are visible 
on substrate surfaces (branches, leaves, tree trunks) than are 
Cehus. Squirrel monkeys also specialize in finding in sects 
by unrolling both dead and Ji ving leaves to revea l in ver
tebrate prey imbedded within them (Fig. 8.6) (Janson and 
Boinski 1992) . 
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Figure 8.6 An adult male Sai111iri boliviensis unrolling a dead leaf in 
search of imbedded invertebrate prey (photo by B. Lenz). 

Predation: Susceptibility and Behavioral 
Adaptations 

Both Ceh11s and Saimiri are at ri sk of being taken by similar 
types of predators. including raptors, felids, constricting and 
veno111ous snakes, coyotes, and tayras (an arborea l mammal 
that is part of the weasel family, Mustelidae) (Freese 1983, 
van Schaik and van Hooff 1983, Terborgh 1983, Chapman 
1986, Boinski et al. 2002, Bianchi and Mendes 2007). 
However, given that an adult capuchin outweighs an adult 
squ irrel monkey by as much as seven times, it is not sur
prising that Saimiri are much more susceptible to predation 
than are Cehus (Fedigan et al. 1996). Raptors are the main 
predators observed to kill Saimiri , and Boinski (1987b) 
reports that 50 % of all infants born to S. oerstedii do not 
survive to 6 111onths of age due to confirmed or suspected 
predation by avian predators. Boinski et al. (2002) report 
similar predation rates on S. holiviensis, while S. sciureus of 
Suriname appear to be at lower risk despite an intact preda
tor community. Perhaps as a response to their susceptibility 
to predation, Soimiri form groups that are usually between 
three and six times the size of Cehus troops (see later sec
tion "Social Organization") ; and although both genera are 
known for being highly vocal primates that display a great 
repertoire of call types, Saimiri have more calls that serve 
as contact calls than do Cehus. While these voca li zations 
do not directly function in predator avoidance or detection, 
they are believed to function as a type of "security blan
ket," to make up for the visual separation that occurs while 
squ irrel monkeys forage and enable group members to keep 
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alerted to the presence and location of their group mates 
(see Fedigan et al. 1996 for review). 

The South American populations of Saimiri have devel
oped another way of combating their high risk of preda
tion: Jn all areas where they occur sympatrically, Saimiri 
parasitize on the predator-detecting abilities of Cebus by 
joining them in their daily activities (Waser 1987). These 
mixed-species associations may last several days, and for 
the most part the two genera wil l interact peacefully. 
However, it is not uncommon for an adult male capuchin to 
chase away an entire group of squirrel monkeys, although 
the displaced squirrel monkeys usually quickly return to 
their capuchin comrades. Data from South American cebine 
populations, particularly those coming from Manu, Peru 
(e.g., Terborgh 1983, Terborgh and Janson 1986), have 
shown that it is Saimiri rather than Cebus that maintain 
these mixed-species associations. Terborgh (1983) reports 
that, in Manu, Saimiri actually seek out Cebus and that 
although Saimiri often appear to be leading the movements 
and direction of the mixed-species foraging excursions, 
they will usually backtrack if the capuchins lag behind or 
fail to follow them. The maintenance of these associations 
with capuchins is thought to benefit squirrel monkeys in 
terms of both increased foraging efficiency and predation 
avoidance. For example, when they are not in association 
with Cebus, squirrel monkeys travel twice as far in an 
hour. They also appear to benefit from the more detailed 
knowledge that Cebus have of fruiting tree locations during 
times of resource scarcity. In addition, Saimiri gain access 
to fruits dropped by Cebus that they would otherwise be 
unable to open (e.g. , tough-husked palm nuts). Despite the 
obvious foraging advantages that these associations provide, 
the real advantage for Saimiri seems to lie in the increased 
predator-detection skills of Cebus (Terborgh 1983; see also 
Sussman 2000 for review). Saimiri appear to benefit greatly 
from the ever-vigilant capuchin males and the alarm calls 
that they emit; in fact, squirrel monkeys respond more read
ily to Cebus alarm calls than they do to the alarm calls of 
their own group members (Terborgh 1983). Cebus, on the 
other hand , do not seem to benefit much from these asso
ciations; they pay little attention to Saimiri alarm calls, and 
they travel up to 40% more when in the company of squirrel 
monkeys. It is no wonder, then, that capuchins do not wait 
for sidetracked squirrel monkeys to catch up when they lag 
behind. 

Interestingly, in Central America, sympatrically occur
ring Cebus and Saimiri do not form mixed-species associa
tions more frequently than predicated by chance. Given that 
S. oerstedii are under severe predation pressure, particularly 
from raptors (Boinski 1987b), would they not also benefit 
from the predator-detection skills of C. capucinus? Boinski 
(1989b) reports that in Corcovado National Park, Costa 
Rica, the two cebine genera spent only approximately 6% 
of their time in association with one another, which greatly 
contrasts with the 90 % rate reported for S. boliviensis with 
C. apel/a and C. a/bifrons in Peru. Boinski (1989b) suggests 

that the two Central American species do not form mixed 
troops simply because the presence of C. capucinus would 
impose very high foraging costs on S. oerstedii. Her study 
showed that Saimiri would have little to gain by associating 
with Cebus even in terms of increased predator detection 
and avoidance. Boinski concluded that, although Cebus 
in Costa Rica are susceptible to predation, their vigilance 
does not appear to function for detecting predators. Several 
stud ies focusing on male vigilance in C. capucinus have 
shown that whi le they are alert to potential predators, as 
evidenced by their elaborate alarms calls that differ accord
ing to predator types, the majority of their vigilance is 
directed at detecting extragroup males (Rose and Fedigan 
1995) or monitoring the activities of their coresident males 
(Jack 2001). The foraging costs and limited benefits asso
ciated with detecting predators appear to have precluded 
the formation of mixed-species groups between the Costa 
Rican cebines, although this topic requires further detailed 
investigation. 

REPRODUCTIVE PARAMETERS 

Saimiri are highly seasonal breeders, with all matings being 
confined to an annual 2-month period and births being 
even more tightly synchronized (Table 8.3). For example, S. 
oerstedii are reported to have the most restricted birth sea
son of any primate species, with group females giving birth 
within the same !-week period (Kinzey 1997c, Boinski 
1987b). C. ape/la in Argentina is the only capuchin popula
tion studied thus far that displays a true birth season, which 
in turn reflects mating seasonality (Di Bitetti and Janson 
2000, 200la) . While the other Cebus species do show a 
yearly birth peak during which the majority of infants are 
born, they are not strict seasonal breeders as births occur 
throughout all months of the year (Freese and Oppenheimer 
1981. Robinson and Janson 1987, Fedigan and Rose 1995). 
Like most New World monkeys, cebine birth peaks or 
seasons generally coincide with seasonal peaks in resource 
availability (Di Bitetti and Janson 2000). Cebus interbirth 
intervals range 18-26.4 months (mean= 22 months), while 
Saimiri interbirth intervals, with the exception of S. bolivi
ensis where females give birth every other year, tend to be 
shorter and average 12 months (see Table 8.3). 

Compared with other mammals, where life history vari
ables strongly correlate with body size, primates show very 
long life histories, particularly in their tendency toward 
extreme delays in reproductive maturity (Promislow and 
Harvey 1990, Purvis et al. 2003). If we restrict the exam
ination of life history variables and body size to the order 
Primates, the general pattern holds, with larger primates 
showing slower life histories than smaller ones (Eisenberg 
1979). However, comparing published data available for 
New World species , Cebus do not fit this general pattern. 
Rather, their maturation rates and overall life history vari
ables are more comparable with members of the subfamily 
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Tabl e 8.3 Cebine Reproductive Parameters and Life History Variables 

INTERBIRTH FEMALE AT MALE ADULT LIFE 
BIRTH INTERVAL FIRST BIRTH SIZE, REPRODUCTIVE SPAN 

GENUS SPECIES SEASON (MONTHS) (YEARS) MATURITY (YEARS) (CAPTIVE) 

Cebus albifrons Peak1 183 N/A N/A 44 15 

ape/la Peak-Peru 

Season -Argentina 1 19.44 7 (wild)1 711.12, 4.51 (captive) 45. 115 

capucinus Peak1 26.45 7 (wild)l 10 (wild) 13 54.8 15 

olivaceus Peak1 266 6 (wild) 1 15 (wild) 13 41 15 

Saimiri boliviensis Yes (2 months)2 ~247 2.5 (wild) 10 6 (wild)7 N/A 

oerstedii Yes (1 week)2 ~1 2 8 2.5 (wild) 10 5, 2.5 (wild) 14 N/A 

sciureus Yes (1 week)2 ~ 129 N/A N/A 21 1s 

Sources: 
9 Rowe 1996. 1 Fragaszy et al. 2004b. 

2 Boinski I 987b. 
! Kappeler and Pereira 2003. 

• Di Bitetti and Janson 2000. 
; Fedigan and Rose I 995. 

10 Baldwin and Baldwin I 98 I. 
11 Patino et al. 1996. 

6 Robinson and Janson 1987. 
7 Mitchell , C. L., 1994. 

12 Nagle and Denari 1982. 
IJ Jack and Fedigan 2004b. 

" Boinski 1994. 

s Boinski I 999. 

is Hakeem et al. 1996. 
16 Harvey et al. 1987 . 

Atelinae (spider monkeys and woolly monkeys), which 
generally weigh about four times as much as the average 
capuchin (see data in Robinson and Janson 1987, Rowe 
1996, Kin zey l997c). Compare. for example, the largest of 
the New World monkeys, the muriqui (Brachytefes spp.), 
wi th Saimiri and Cebus. Female muriquis weigh about 9.5 
kg (Rowe 1996) and are 7.5 years of age when they give 
birth to their first offspring (Strier 1997c). Saimiri females 
weigh on average 700 g and give birth to their first infant 
at 2.5 years, while Ceb11s females weigh 2.3 kg and are 7-8 
years of age when they give birth for the first time (Tables 
8.2 and 8.3). Even male Cebus show slow maturation rates, 
with most stud ies estimating sexual maturity to occur after 
7 years of age: and in several species , males do not attain 
full adult body size until after 10 years of age (Jack and 
Fedigan 2004a,b). Interestingly, the small size and long life 
history patterns characteristic of Cebus continue to stand 
out even when we extend comparisons to include the Old 
World monkeys. 

These slow maturation rates of Cebus may be related 
to their extremely long life spans, which average about 41 
years in captivity (the record is nearly 55 years; Hakeem 
et al. 1996). In stark contrast, the smaller Saimiri are 
reported to live only 21 years, and most capuchin-sized 
(and larger) primates li ve approximately 30 years (see data 
presented in Rowe 1996). It is also possible that delayed 
maturation in Cebus is related to their unusually slow 
postnatal brain growth and motor ski ll development (see 
Hartwig 1996). Cebus display more postnatal brain growth 
and development than any of the other platyrrhines, whi le 

Saimiri neonates are more precocial in terms of both brain 
growth and motor skill development (Hartwig 1995) . 

GROUP STRUCTURE 

Both Cebus and Saimiri form mixed-sex groups, but the two 
genera show much diversity in group size and composition 
(see later section "Cebine Dispersal Patterns"). Although 
the mean size of Cebus groups does not vary greatly across 
the four better-known species (range = 16.4-21, mean = 
18.8), there is considerable variation in adult sex ratios 
within groups. For example, C. ofivaceus show the most 
skewed sex ratios , with approximately one adult male for 
every two adult females in a group, while C. albifrons show 
the most equitable sex ratios, with 1.08 adult males per 
female (Table 8.4). The size of Saimiri groups is much more 
variable across species, ranging from 15 to 75 individual s. 
S. boliviensis form the largest groups (mean = 54 ), while 
S. sciureus display the smallest mean group sizes, at 23 
individuals per group. Several researchers have reported 
Saimiri group sizes of up to 300 individuals; however, in all 
instances, it appeared that these large groups were actually 
temporary unions of multiple groups (see Sussman 2000 for 
review). Sex ratios also vary across species, with S. oerstedii 
showing one male per 1.6 adult females and S. boliviensis 
showing a much more skewed ratio, with one male per 2.5 
adult females (data are not available for S. sciureus) (see 
Table 8.4). Interestingly, S. boliviensis is also the only spe
cies of Saimiri, indeed of the platyrrhines, reported to form 
all-male groups; and even within mixed-sex groups, males 
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Ta ble 8.4 Cebine Social Organization and Social Structure 

SPECIES 

Cebus a\bifrons' 

C. apella ' 

C. capucinus ' 

C. olivaceus1 

Mean 

Saimiri oerstedii 

S. boliviensis (Peru) 

S. sciureus (Suriname) 

Sources: 

MEAN GROUP 
SIZE 

19.8 

18 

16.4 

21 

35-65 (41) 2 

45-75 (54)2 

15-50 (23)2 

1 Al I Cebus data are from Fragaszy et al. 
200.+b. 
2 Boinski et al. 2003. 
; Boinski J 987a. 

MEAN ADULT 
SEX RATIO (M:F) DISPERSAL PATIERNS DOMINANCE 

1.08 Male Both sexes display linear hierarchies, and males are 
individually dominant over females; males well
integrated into the group 

0.85 

0.71 

0.53 

18.8 

0.63 (1 :1.6)3 

0.40 ( 1 :2.5) ' 

NA 

Male 

Male: parallel dispersal is 
common and lasts through 
multiple emigration events; 
female dispersal is rare, 
but it does occur 

Male 

0.79 

Females disperse prior to 
first mating season/flexible 
male philopatry or dispersals 

Male:2 parallel dispersal is 
common and lasts through 
multiple emigration events• 

Both sexes thought to 
disperse; female dispersal is 
flexible (may spend first 
mating season in natal 
group)5 

' Mitchell 199-+. 
; Boinski et al. 2002. 
6 Mitchell 1990. 

Both sexes display linear hierarchies, and males are 
individually dominant over females; alpha female may 
rank below alpha male; subordinate males are often 
peripheral group 111embers 

Both sexes display linear hierarchies, and males are 
individually dominant over fe111ales; alpha fe111ale may 
rank below alpha male; fe111ale coalitions can displace 
alpha 111ale 

Both sexes display linear hierarchies, and 111ales are 
individually do111inant over females; alpha female may 
rank below alpha 111ale 

Egalitarian; no fe111ale dominance hierarchy or 
coalitions; male hierarchies evident only during mating 
seasons 

Fema les dominant (matrilineal hierarchies and frequent 
coalitions); both sexes form stable linear dominance 
hierarchies; s.G males are peripheral group members 

Males dominant; both males and females for111 stable 
linear hierarchiess 

of this spec ies are generally peripheral and have little to no 
interaction with group females outside of the mating season 
(Boinsk i 1999). 

year, and that individual fema les are sexually active for only 
about a 2-day period throughout these short mating seasons 
(Boinsk i 1992) (Tab le 8.3). determining fertile versus non
fertile matings is not quite as cha lleng ing. 

MATING SYSTEMS 

Similar to the other platyrrhines, the cebines do not show 
external cues that signal ovu lat ion or pregnancy li ke those 
character istic of many of the catarrh ine primates , making 
it extremely difficult to discern reproductive from nonre
productive states (Dixson 1983a: see a lso Chapter 29). In 
Cebus, this lack of obvious fe rtility s ignaling, accompanied 
by the fact that members of the genus show Jim ited repro
ductive seasonality and engage in frequent nonconceptive 
copulations (complete with copulatory displays), makes it 
nearly im poss ible for observe rs to discern fertile versus non
fertile matings (e .g .. see Manson et a l. 1997. Carnegie et a l. 
2006) . Given that Soi111iri are highly seasona l breeders. wi th 
all mating activity being confined to a 2-month period each 

Mating behavior in Cebus. both concepti ve and noncon
ceptive. is preceded. at least in some species . by elaborate 
courtship ri tua ls . The most detai led data avai !able to date 
come from studies of captive C ape /la . In thi spec ies. a 
female begins the courtsh ip ritual by gazing toward the 
male of her choice (usua lly the alpha male), often tilting 
her head from side to side a nd raising her eyebrows at him 
in an attempt to catch hi s gaze (see Fragaszy e t al. 2004b). 
She s lowly decreases the distance between herse lf and the 
male and . when she is close enough. reaches out. quickly 
touches him. and then runs away. Throughout this pro
cess. the female continuously rubs her chest and emits so ft 
vocalizations. In these initial stages. her attempts to ga in 
the male·s attention see m fut ile: he appears utte rly and 
comple tely di sinte rested. Such solic it ation by a fema le ca n 



00 011 for hours. but the male eventually relents and begins 
~o reciprocate her movements and voca li zations. adding a 
mutual gaze and a grin. Ar this point. the movements of 

the pair become mirrored in a coord inated dance display. 
One member of the pa ir adva nces, while the other retreats. 
all the while maintaining their locked gaze . Pirouettes of 
180 degrees are added . with the dancer always coming 
back to face the partner. At this point in the courtship, the 
participants appea r obli vious to what is goi ng on around 
them. The pair eventually comes together and mating 
ensues. During copulation, the male emits a loud vocali
za tion that is unique to the mating context: and following 
ejaculation, the pair remain toget her. continuing their 
dance display as if nothing has happened and beginning 

the process anew. 
C. capucinus show a similarly elaborate pattern of 

courtship and mating. although the eyebrow raising and 
grin ning characteristic of C. ape/la are exchanged for a 
"duck face," which involves a protrusion of the lips in the 
direction of the partner (Manson et al. I 997). During their 
dance displays, C. capucinus ma les and fe males coordinate 
their pirouettes and often face away from each other. only 
to look at their partner either over the shoulder or through 
the legs. A unique voca li za ti on also accompa nies mating in 
this species, and li ke the patterns described for C. ape/la, 
individuals involved in the mating and dance di splay do not 
make any attempts to hide their act ivi ties. Data on mating 
in C. olivaceus are completely absent from the published 
literature. The mating behavior and rituals of C. a/bif rons, 
although not well described, do not appear to be as elaborate 
as those of either C. ape/la or C. capucinus; but data for this 
species are very limited. 

Unlike Ceb11s. Saimiri do not show any sort of prepara
tory behav iors that precede copu lation: there are no spec ial 
vocalizations, displays. or behaviors that indicate readiness 
or wi llingness to mate (Mendoza and Mason 1994). That 
said, Saimiri do di splay one of the most unique reproductive 
systems reported for non human primates . Prior to and dur
ing the short annual mating season. male S. bo/iviensis and 
S. oerstedii undergo dramatic physiologica l and morpholog
ica l changes: they ga in up to 222 g, a shock ing 22 % of their 
body weight (Du mond and Hutchi nson 1967) (see Table 
8.3; there are no data ava ilable for other Sa imiri spec ies). 
Males begi n accumulat ing " Cat" prior to the start of the 
annual mating season . and this fattened state is maintained 
throughout the season . with males reaching their largest size 
during the same months that the majority of conceptions 
occur (Schiml et a l. 1996). This "seasona l enhancement 
of male body size" (Boinski 1998: 174) results not from 
the accumul at ion of fat, as has been reported for rhesus 
macaq ues a nd other mammalian species (see Berkovitch 
1992), but fro m the deposition of water between the skin 
and muscles, particularly along the shoulders , back, and 
arms: and it has been li kened to the water retention- induced 
swell ing that wo men often experience before the onset of 
menstrual cycles (Boin sk i 1998). T hi s swelling of males 
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does not occur because they are eating more or doing less. 
On the contrary, given the high level of reproductive sy n

chrony observed a mong group fe males, males are extremely 
active during the mating season. Male .. fattening" is a lso 

not related to a restricted seasonal ability to produce sperm. 
Mendoza et al. (l 978) have shown that. although males do 
experience an increase in testes size and sperm production 
during the brief mating season , they are fertile year-round . 
Instead, the fattening appears to be in response to chang
ing hormone levels within ind ividual males, and males that 
become the fattest are those with the highest testosterone 
levels (Schiml et al. 1996). 

During the nonmating season, there are no discernable 
size differences among coresident male Saimiri; however. 
with the onset of the mating season, some males become 
significa ntl y larger than others and one male stands out 
as the largest. It is this male, the "fattest,. male in a group, 
that is selectively preferred as a mating partner by group 
females. Indeed. Boinski (1992) reports that the largest male 
in her study group of S. oerstedii participated in over 70% 
of all observed copul ations and the less swollen males were 
successful in gaining solicitations from females only after 
the females had been rejected by the largest male. For S. 
bo/iviensis. the dominant male becomes the most fattened 
and apparently suppresses the reproductive potential of 
less swollen subordinate males, although it remains to be 
determined by exactly what means thi s suppres ion occurs 
(DuMond and Hutchison 1967). Outside of the mating 

season. S. boliviensis males usually occupy peripheral posi
tions within the group and rarely, if ever, interact with the 
fema les that dominate them. However, during the mating 
season, a ll males become more centra l within the group and 
interact regularly with females (DuMond and Hutchinson 
1967). Within groups of S . oerstedii, there are no discern
able dominance hierarchies either within or between the 
sexes, even during the mating season. Therefore, rather than 
dominance status, male en largement in this species appears 
to be linked with the length of time a male has spent in a 
particular group, with long-term residents (>3 yea rs) being 
the most enlarged and , therefore, the most popular during 
the mating season (Boinski 1992) . At present, it is unclear 
whether all populations and species of Saimiri undergo 
these seasonal changes; data from additional field sites are 
needed to address these issues. 

The proximate trigger for these morphological changes is 
still unknown; however, it is possible that males respond to 
subtle pheromonal or behavioral cues from group females. 
Male S. oerstedii frequently perform genital inspections of 
females, and this has been interpreted as a means of assess
ing female reproducti ve status (Boinsk i 1987a). Although 
these inspections occur throughout the year, during the 
2 months prior to the commencement of the annual mat
ing season, which is when males begin to fatten, there is 
a notable increase in the frequency of male coalitionary 
mobbing of fem a les in order to perform such inspections. 
Boinski's (1987a) study showed that, at their peak, these 
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agg re<;s ive inspections occur approx imately twice per hour 
and may include up to 16 males. Boi nski et a l. (2002) even 
describe one fema le being wou nded during such a mobbing. 
lt is poss ible tJ:iat these close inspec tions trigger the onset of 
seasona l swelling in males, although additional comparati ve 
data of intrasex ual hormonal states are needed to tes t thi s 
suggest ion. However. the fact that males are at their most 
swollen at the same time that group fe males achieve peak 
fertility (see Boinsk i 1992; Schi ml et a l. 1996. 1999) is a 
good indication that pheromones are at work. 

Dominance appears to pl ay a ve ry stro ng role in the 
reproduct ive success of male Cebus. In all three species fo r 
which data on wild groups are avai lable, :i signifi ca nt link 
between male dominance rank and reproducti ve success has 
been fo und , with alpha males siring the majority of infants 
born ( C. ape/la, Escobar-Paramo 2000: C. capucinus, Jack 
and Fed igan 2003. 2006: C. o/imceus. Valderrama et al. 
2000a). Given the rather di vergent mating systems seen 
across the genus, the consistency of the pos itive correlation 
between male dominance rank and reproductive success is 
surpri sing. Although a di st inctive male dominance hierar
chy is d iscernable in C. capucinus, male/male intragroup 
competition fo r access to mates has not been doc umented. 
The alpha male does not monopoli ze matings, nor does he 
appear to be the exclusive target of fe male choice (Fedigan 
1993) : and all males within the group experience some 
degree of mating success (e.g., Rose 1998) . Howeve r. pater
nity analysis in the Santa Rosa study groups has demon
strated that alpha males sire the majority of in fa nts born in to 
their groups (Jack and Fed igan 2003. 2006). Consequently, 
regardless of the apparently egalitari an mating system of 
this species. reproduction is not shared among group males 
(see Jack and Fedigan 2006). A recent study of C. capucinus 
by Carnegie et al. (2006) has shown that matings between 
females and alpha males occur during fertile periods, while 
those between femal es and subordinate males tend to occur 
during nonfertile times (when females are pregnant , lac
tating. or in the postovulatory phase) . However, it is still 
unclear which sex is responsible for the timing of fertile 
matings, that is, whether females select to mate with alpha 
males during their fertil e times or if a more subtle form 
of mating competition occurs and alpha males somehow 
exclude subordinates from mating with fe rtile females. 

The two other we ll-studied species of Cebus (C. opel/a 
and C. olivaceus) show tense relationships among group 
males, and although both species res ide in multimale 
groups. they are described as being functionally unimale. 
with the dominant male monopol izing matings and subordi
nate ma les being peripheral group members (e.g. , C. apella, 
Janson l985b, 1986 ; C. olimceus. Robinson 1988a, O'Brien 
1991 ). Reproductive success within groups of these two 
species largely reflects the observed social patterns, with 
alpha males monopoli zing reproducti ve success (C. ape/la, 
Escobar-Paramo 2000: C. o/ivaceus. Valderra ma et al. 
2000a) . although. at least fo r C. ape/la. beta males also si re 

offspring, particularly with the daughters of alpha males 
(Escobar-Paramo 2000). 

CEB INE DI SPERSAL PATIERNS: TOWARD AN 
EXPLANATION OF VARlABLE SOCI AL STRUCTU RE 

The di spersa l of one or both sexes fro m the birth group is a 
pattern common to a ll soc ial mamma ls and bi rds, and many 
spec ies show a bi as toward the dispersal of one sex over the 
other (Greenwood 1980). The major ity of Old World cerco
pithec ines and pros imians are characteri zed by male-biased 
d ispersa l and fe male philopatry (the tendency to remain in 
the birth group fo r li fe), while New World monkeys and apes 
tend toward bisexua l dispersa l (e.g., Alouatta and Gorilla) 
or fe male-biased di spersa l (e.g., Ate/es and Pa n) (see Pusey 
and Packer 1987 fo r rev iew, Strier 1999) . Dispersa l is said 
to be among "the most important li fe hi story tra its involved 
in both species persistence and evolution'' (Clobert et al. 
2001 ): however, despite its importance and the fact that it 
is one of the most studied phenomena, it remains among 
the most poorly understood issues in ecology and evolu
tionary biology (Clobert et al. 200 1). Without a doubt, dis
persa l patterns have a profound in fl uence on the type and 
nature of soc ial relationships within groups. For example, 
in species characteri zed by male-biased di spersa l, females 
within groups are related, most often show close bonds, and 
regularly form matrilinea!ly based do minance hierarchies 
(e.g .. Macaca 111 ulatla, M. fuscata, and Papio cynocepha
lus) . Within fe male philopatric groups, males are generally 
con idered to be unrelated and their social relationships 
are usually characteri zed by very low levels of affili ation 
and cooperation. In general. the opposite pattern of social 
relationships is observed when males are philopatric (e.g., 
chimpanzees and muriquis, although bonobos are an excep
tion to this pattern), while those species characterized by 
bisexual dispersa l most often show much looser bonds 
among same-sexed indi viduals and closer bonds between 
the sexes (e.g., gorill as) (for rev iews see Pusey and Packer 
1987, van Hooff 2000). 

Unlike most platyrrhine spec ies, Cebus are character
ized by female philopatry and male dispersal from the birth 
group: in this respect, they more closely resemble Old World 
monkeys . In general, Cebus are considered fema le-bonded 
(Wrangham 1980) or resident nepoti sti c (Sterck et al. 1997) 
in that (1 ) they exhibit female-biased philopatry and male 
dispersal. (2) affili ative bonds among females are generally 
stronger than they are between the sexes or among males, 
(3) females develop dom inance hierarchies, and (4) females 
appear to be responsible for the direction of group move
ment (Fragaszy et al. 2004b ; but see Phillips and Newlon 
2000 on C. a/bifrons trinitatis). In addition. fi eld studies 
are shedding light on the import ance of kinshi p in the 
fo rmation of female/female relationships and. although it 
may not be as dec isive a factor as observed among the Old 



\Vorld cercopithecines, thi s does appear to play a prominent 
role in at least some species of Cebus (C. capucinus. Rose 

1998. Perry 1996 : C. olirnce 11 s, O'Brien and Robinson 
l99 1). In terms of relationships between the sexes, males 
are generally individually dominant over adult females for 
all species : however. at least for the th ree better- studied spe
cies (C. ape/la. C. capuci1111 s, and C. olii ·acelt s), an alpha 
female will often rank directly below the alpha male and 
dominate individual subordinate males within the group 
(Fragaszy et al. 2004b). In addition. females will often form 
coalitions that enable them to di splace even the alpha male 
from feed ing trees and , at least for C. capucinus. females 
tend to di rect more threats toward males than they receive 
fro m them (Perry 1997, Rose 1998) . Overall , this results 
in somewhat egalitari an relationships between males and 
fe males: and across the genus, these relationships are best 
characteri zed as being affili ati ve in nature, with little physi
cal aggression being exchanged between the sexes. 

Throughout the genus. social relationships among group 
members are mainta ined th rough the exchange of frequent 
groom ing. the maintenance of prox imity, and the frequent 
fo rmation of coalitions with preferred partners (Fragaszy 
et al. 2004b). Although social relationships among females 
and between the sexes across the better-studied Ceblt s 
species are remarkab ly consistent , male capuchins di splay 
extensive va ri ation in their relationships with one another. 
Male/male relationships within the genus range from des
potic (C. ape/la, Janson 1986: C. capucinus, Perry 1998b; C. 
olivaceus, Robinson 1988b) to highly affili ati ve and cooper
ative CC. olbifro ns. Janson 1986: C. capucinlts, Jack 2003a), 
and, at least for C. ape/la and C. cap11 cinll s, which have 
been studied the most extensively and at multiple sites, thi s 
vari abili ty in male/male relationships ex ists both within and 
among spec ies. For example. the fi rst pub! ished accounts of 
male relationships in C. ape/la in Peru reported that alpha 
males directed high rates of aggress ion toward subordinate 
males, which remained on the periphery of the group, avoid
ing interactions with the alpha male and resident females 
(Janson I 985a 1986). However, additional studies on C. 
ape/la at multiple sites have yielded a more di verse view of 
male relationships within thi s pec ies . In Colombia (Izawa 
1980, 1994). Brazil (Lynch et al. 2002), and Suriname 
(Kauffman et al. 2004 ), males are reported to di splay low 
rates of aggression and freq uently interact affiliati vely, 
wh ile in Argentina (Janson 1998a and personal communica
tion), male C. ape/la exhibit greater levels of cooperation in 
resource defense, although relati onships between dominants 
and subordinates are still descri bed as agoni stic . 

Similarl y, ma le relationshi ps in C. capuci1111 s have been 
reported as highly vari able, and th is vari ability occurs not 
only across study sites but also among groups within the 
same stud y population (e.g., Santa Rosa National Park in 
Costa Ri ca, where studies have been ongoing since 1983; 
see Jack 2003a). In term s of access to mates and resources , 
relationships among males are fa irly egalitarian, with little 
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aggress ion being exchanged among group males. Although 
a di stinct alpha male is di scernable within groups, it is the 
ex tent to which he asserts hi s dominance that appears to be 
most va riable. For example, some alpha males acti vely, and 
often aggressively. di srupt affili ative interactions among 
subordinate coresident males and spend the majority of their 
time affili ating with group females (Perry l 998a,b), while 
other alphas form close affili ative relationships with subor
dinates and , in some groups, spend more time interacting 
with them than with group females (Jack 2003a) . 

Thi s dive rsity in male relationships ac ross Cebus li kely 
refl ects the behavioral plastic ity characteri stic of the genus 
(see Fragaszy et al. 1990), and within species. male rela
tionships are apt to change in response to ecological and /or 
socia l pressures (e.g., Jan on 1998a. Di Bitetti and Jan on 
200l a) . Ecological fac tors appear to pl ay an important 
role in determining male/male relationship in C. ape/la. 
which has now been studied in five countries throughout 
South America (Argentina. Braz il , Colombia, Peru , and 
most recently Suriname). Jan son (l 986) suggests that it is 
the distribution of food resources and a male's abil ity to 
monopolize access to them that most profoundly influence 
primate mating systems. which in turn dictate the types 
of social relationships among group males . Janson (1986) 
argues th at if a single male is able to dominate individual 
access to resources , it is likely that females will choose to 
mate with him to ensure resource access for themselves and 
their in fa nts. Under these circum stances. the mating sys
tem essentially becomes unirnale. Such a skewed mating 
system results in rather tense male/male relationships. with 
males tending to be less inclined to cooperate in group and 
resource defense when there is little reward for their assis
tance (i.e., little mating activi ty) (see van Hooff 2000). If. 
on til e other hand , resources are di stributed in such a way 
that they cannot be monopolized by a single individual (e.g., 
they occur in large patches), fe males need not choose to 
mate exclusively with the alpha male and a more egalitar
ian mating system may result. Thi s mating system may lead 
to increased male cooperation in resource defen se (Janson 
1984), although it may also result in increased within-group 
mating competition and does not necessarily trigger affili a
tive relati onships among group males. 

Such differences in ecological factors , namely the defen
sibility of food resources, do not, however, explain the inter
group vari ability in rel ationships among coresident male C. 
capucinus that is reported to occur within the same study 
populations (see Jack 2003a; S. Perry, personal com muni
cation). It appears that withi n groups of C. capucinus, male 
fa miliarity, and perhaps kinship, best explains the observed 
vari ability (Jack 2003a). Although C. capuci1111s, like all 
Cebus species, is characteri zed by the emigration of males 
from their birth group, high rates of para llel dispersa l can, in 
the absence of phi lopatry, promote the retention of kinship 
among group males (van Hooff 2000). Parall el di spersal can 
occur through the coordi nated emigration of male siblings 
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or the mo,·emenl or males toward groups that contain fami l
iar. prev iously dispersed males. This type of' coordinated 
ma le dispe rsa l has been reported for several primate spe
cies. although 111 most species it appears lo be limited lO par
ticular life phases and lo be most common among immature 
male., (see Jack 2003b. Schoof et al. 2009). However, studies 
of C Cll/!L1ci1111s in Santa Rosa Nationa l Park. Costa Rica. 
found that parallel disper:-.al occurs at extremely high level~ 
(67£fc-801ft of all emigrations depending on male age class). 
lasts through multiple di spersal events. and persists at high 
rates even among adult males (Jack and Fedigan 200'-la.b). ln 
addition. ana lysis of male/male interact ions in this species 
ha~ shown that familiar males do display more affili ati ve 
rela ti on s hip~ (Jack 2003a). and Janson (persona l commu
nication) suspects that male familiarity and/or related ness 
may we! I account for the more cooperative relationships he 
has observed among male C ll/lellll in Argentina. C. ape/la 
groups in Argentina contain more males than those Janson 
first studied in Peru. which may enable parallel dispersal to 
occur more readily. Relatedness among group males in both 
C. ope/lo in Argentina and C. capucinus in Costa Rica. and 
perhaps in C. o/i\'({ceus (although very little is known about 
the dispersal patterns of this species) . may explai n the high 
degree of cooperation among group males in the face of the 
uni male reproductive system each of these species exhibits 
(see earlier sect ion ' ·Mating Systems"). We eagerly await 
genetic analyses of male kinship with in groups so that these 
predictions can be tested. 

Despite the remarkable similarity that Sai111iri species 
display in terms of morphology and general habitat pref
erence. the genus shows an even greater diversity in soc ial 
relationships than we see in Cebus. However, across the 
three species for which sufficient data are available (S. 
oersredii. S. bolii·iensis. and S. sciureus). it is the social 
relationships among group females and between males and 
females that are extremely variable. while relationships 
among group males are surprisingly consistent (Table 8.4). 
Boinski. who has studied this genus extens ively over the past 
two decades. claims that "squirrel monkeys arguably exhibit 
the most geographica ll y va riable soc ial organization of any 
set of closely related primate populations· · ( 1998: 179). The 
variabil ity that we see across the ge nus appears to directly 
reflect the extremely divergent dispersal patterns observed 
among the species (see Boinski et al. 2005a.b: Boinski 
2005J. wh ich are likely determined by the nature and distri
bution of resources each spec ies exploits. Interestingly. the 
formation and maintenance of socia l bonds throughout this 
genus are not based on grooming interactions. as is the case 
for many nonhuman primates. Jn fact. Sai111iri are among 
the few primate species where soc ial grooming is almost 
completely absent. Instead . soc ial relationships are based 
on proximity patterns. tolerance around feeding sources. 
the frequent exchange of voca li zations. and the formation 
of alliances in some species (see Sussm:-in 2000 for review: 
Boinski 1999). 

S. oers1edii in Co~ta Rica are character ized by female 
emigrat ion from the birth group (Boi nski and Mitchell 1994) 
and a flexible pattern of male philopatry. While females 
typically dispcr-,e as juve nile~ before their first mating sea
son, seconda ry dispersal i~ not uncommon and appears to 
be linked to the survivorship of offspring. In one long-term 
study. all females whose offspring died transferred to a new 
group before the start of the next mating season (see Boinski 
et al. 2005a) . A natal male will genera lly remain in his birth 
group until he reaches sex ual maturity (4-5 years), after 
which he wi 11 e ither take up one of the few reproductive posi
tions within the group or disperse with members of his age 
cohort and attempt lo take over breeding positions in another 
group (Boinsh:.i !998l. No matter which pattern is followed, 
it is thought that resident males of this species are related as 
a result of parallel di spersal. This dispersal pattern leads to 
strong affiliati\'e bond' among group males. while female 
bonds are described as weak ( Boinski 1999. Boinski and 
Mitchell 199-t) and relationship~ between males and females 
are described as being extremely egalitarian , with neither 
males nor females being dominant over the other (Boinski 
1987a. 1988a) . With the exception of the 2-month period 
prior to the mating season when males are observed to form 
coal it ions and frequently to mob females to perform genital 
inspections (see earlier section "Mating Systems"). aggres
sion within and between the sexes very rarely occurs. Even 
intergroup interactions are described as neutral. although 
avoidance is generally practiced (Boinski. 1987a. 1988a). 

In contrast. S. bolii·iensis in Peru display female philo
patry: and accordingly. al though perhaps more so than any 
other spec ies of platyrrhine primate. females form tight-knit 
matrilineal relationships that cooperate in resource acqui
sition and defense (Mitchel l. C. L. 1990. 1994: Mitchell 
et al. 199 l ). lntragroup resource compet ition is described 
as occur ring at moderate levels within this species, and it 
occurs both among and between the sexes ( Boinski 1999). 
Interestingl y. despite the fact that this is the most sexually 
dimorphic of the Saimiri species. with males being 24% 
larger than females (Table 8.2). females form stable linear 
dominance hierarchies. dominate males. and aggressively 
force them to occupy peripheral positions within the group 
(Mitchell , C. L. 1990. 1994). Within these peripheral 
subgroups. males also fo rm stable 1 i near dominance h ier
arch ies and. although social aggression is described as 
common (Boinsk i 1999). affiliative coa litions that are often 
maintained through 1mdtiple em igrations (i.e. , parallel dis
persal) may work to ensure kinship among group males 
(lVlitchell. C. L.. 199-t). S. /Jolil'iensis males emigrate with 
other natal males of the same age and will typically join an 
al I-male band or bachelor group before attempting to infil
trate a new group. More often than not. males ente r a new 
group which contains familiar males from their natal cohort 
( Boinski et a l. 2005a). S. bo!iFiensis groups have home 
ranges that overlap extensively. and intergroup interactions 
are nonaggress ive : in areas where fruit patch size allows. it 



is not uncommon to see groups forag ing together (Mitchell 

1990). 
s. sci11re11s presents yet another confi guration of di spersal 

panerns. social interaction~ . and dominance st ructures for 
tile genus. Both male and temale S. sc111reus disperse from 
tlleir birth group (Boinski et al. 2005a). Female natal emi
"rarion may occur before or after the first mat ing season 
;nd appears to be I inked to relative access to food and over
all food abundance (Boinsk i 2005). The dispersal of natal 
ma le S. sci11reus. on the other hand. usually occurs well 
before sexual maturity. However, those males who delay 
natal di spersa l are often forc ibly ev icted as they approach 
sexual matu rity (Boin ski et al. 2005a) . S. sci11re11s di splay 
the highest leve l of intragroup agg ression reported among 
the three Saimiri species. The majority of this aggression 
occurs within the context of resource acquisition , and 
wounding of fema les and immatures is common. something 
which is rarely seen in the other two species (Boinski et al. 
2002). Overall. S. sciureus is best described as being male
dominant: and although both males and females fo rm stable 
linear dominance hierarchies. males are reported to be more 
closely bonded in that they form more frequent cooperative 
coal itions with moderate to close affi liati ve relationships 
(Boinsk i 1999). However. the majority of males spend their 
ad ult life as solitary or periphera l individuals. and very few 
achieve secure resident status within a group (Boinski et al. 
2005a) . Unlike the other two species of Saimiri, which do 
not display tense interactions with neighboring groups. 5. 
sci11reus in Suriname are descr ibed as territorial. Their 
home ranges show minimal ove rl ap with other groups, and 
intergroup interactions are desc ribed as highly agonistic 
(Boinsk i 1999). 

In an attempt to explain the va ri ab le patterns of female 
relation ships seen across thi s genus, Boinski et al. (2002 ) 
provide an extensive exami nation of the detailed eco
logica l data avai lable for the three species of Saimiri . 
Fol lowing Janson (1986) and hi s explanation of variable 
relationships among Cebus males. Boinski et al. (2002 ) 
suggest that the extreme variability in dispersa l patterns 
and the corresponding social relation ships among group 
members (at least among group females) that characterize 
Saimiri are largely att ributed to ecological factors asso
ciated with the defen sibility of food resources, namely 
fr uit patch size and abundance. As mentioned, Saimiri are 
class ified as insectivore-frugivores and in sects form the 
bulk of their diets, wi th all species spending an average 
of 75%-80% of their time fo rag ing fo r in sects (Terborgh 
1983, Boinski 1988a) . The distribution of arthro pods does 
not enab le a single indi vidual. or even groups of individu
als. to effect ively monopoli ze the food suppl y; therefore, 
direct competition (contest co111peti1io11) for thi s resource 
is absen t (Boinski 1988a, Mitchell 1990). However. fruit i, 
also a key resource explo ited by Saimiri; and even though 
the habitats of the three wel I-known species are quite uni
form in term s of relati ve abundance and distribution of 
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arth ropods. these habitats do di splay ex te n~i ve \'ariability 
in fruit production . 

A compari son of fruit patch size and abundance demon
strates that. O\'erall. Peru,·ian forests have the highest leve l ~ 

of fruit abundance and the lowest fluctu at ions in seasonal 
ava il ab ility of fruit , fo llowed by Costa Rican forests, while 
Surinamese forests show the lowest abundance and greatest 
seasona l flu ctu ations (Boinski et al. '.2002 ). Hence. it is not 
surpri si ng that in Peru vian forests. \.vhere food patches are 
too large to be effectively monopoli zed by a si ngle indi vid
ual , fe males cooperate wi th ki n to defend access to these 
resources and exclude males. Cooperation is necessary 
because males are large r and. therefore, it is beneficial for 
females to remain philopatric and cooperate with their kin 
to control access to resources (Boinski et al. 2002: see also 
Sterck et al. 1997). Jn Costa Rica , where fruit is distributed 
in such a way that it ca nnot be monopoli zed by either a 
group or a single individual (it can be eaten on the spot on 
a first-come. first- served basis) . it is not advantageous for 
female s to remain in their birth group, a condition which 
most often leads to male ph ilopatry. In the Surinamese 
forests. fruit patches are small and in relatively low abu n
dance, making an individual patch eas ily monopol ized 
by single individuals and of great benefit fo r those that 
can gain access to them. namely dominants. This type of 
di stribution leads to very strong contest competit ion: there
fore , it makes sense fo r a fema le to di sperse so that she i~ 

not directly competing with kin for access to necessary 
resources. According to Boinski et al. (2002). this type of 
situation wi ll not promote stable coalitions among individ
uals because cheating (i.e .. reneging on sha ring resou rces 
with a coa lition partner) wou ld provide great benefits to 

dominant individuals. 
Boin ki and Cropp ( 1999) state that. ac ross the three 

species, relationships among male squirrel monkeys are 
rather consi stent- males show affi I iati ve bonds-\\ hi le 
fe male/female bonds va ry from strong to weak and male/ 
fe male relationships also vary from species to species . 
They provide a very good example of how even slight 
differences in ecological fac tors (e.g., quality. size. and 
defensibi lity of food patches) can have profound effec ts 
on primate social structure and how these factors influ
ence the va ri able nature of fema le/female and female/ma le 
rel ation ships across the genus. They do not. however. offer 
an ex pl anation for the consistency of male/male relation
ships in the face of the vast ecological va ri abi lity that ca n 
be seen across the genu s. Fam i I iarit y and/or relatedness 
among group males likely explains the relati ve consistency 
in male/male relati onships across the gen us Saimiri. It 
seems likely that in all three species males within groups 
maintain some degree of relatedness to one another. In S. 
oerstedii , mal es either are philopatric or di sperse together 
in cohorts, which also appears to be the case for male dis
persers in S. sciureus and S. boliFiensis. In S. boliviensis, 
where male emigration is the norm, relatedness among 
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gro up males also appears to be maintained through par
alle l dispersal. C. L. Mitchell (1994) reports that males 
form dispersal al li a nces whose composition often remains 
constant over multip le em igration events, and this may act 
to ensure the related ness of males in the face of dispersal. 
T hese data show that, regardless of ecological pressures 
and fe male dispersa l patterns, ma les in the genus appear 
to have evolved a mechan ism for retaining residence with 

their kin, regardless of di spersa l patterns. A recent meta
ana lysis of parallel di spersal by male nonhuman primates 
found that this behavior may have evo lved in spec ies where 
it is importa nt for ma les to retain coalition partners in the 
face of male dispersa l (Schoof et a l. 2009). 

9 

Additional comparati ve studies are needed to further our 

understanding of ecological pressures on soc ial relation
ships, mating systems, and dispersa l patterns. ln addit ion, 
genetic data on the relatedness of group members (both 
males and females) and more detailed reports on dispersal 
patterns and the fates of dispersing indi viduals in other spe
cies are required in o rder to attain a more complete over
view of the dynamics and interactions that these processes 

have on primate behavior. 

Spec ies included in this chapter are shown in Color Plates 
9, 10, and 17 (Cebus capucinus, Cebus ape/la, and Saimiri 
sciureus) . 

Sakis, Uakaris, and Titi Monkeys 
Behavioral Diversity in a Radiation 

of Primate Seed Predators 

Marilyn A. Norconk 

l. What is seed predation, and how do seeds provide both benefits and costs to sakis, 
bearded sakis, and uakaris 'J 

2. How do pitheciines differ in their soc ial group and ranging patterns using body size 
and group size as relevant variables? 

3. How is male affiliation manifested in pitheciines and how does it compare with woolly 

spider monkeys , chimpanzees, and bonobos'J " 

INTRODUCTION 

The pitheci ines are a cohesive group of New World monkeys 
phylogenetically and in terms of diet but exhibit a range of 
variation in group size, use of space, and social dynamics. 
At one end of a continuum that ranges from small to large 
group sizes. ti ti monkeys ( Ca/licebus spp.) form cohesive, 
pair-bonded groups that in many ways represent the "classic 
monogamous .. pattern (Fuentes 1999b, van Schaik and 
Kappeler 2003) (Table 9. l ). Pairs are generally terri torial, 
adults are monomorphic in body size and co lor. They exh ibit 
social and physiological mechanisms that promote and 
reinforce attachment between mates, and males are strongly 
paternalistic (Mason 1968. l 97 l; Fragaszy et al. 1982: Kinzey 
198 l ; Menzel 1986: Mendoza and Mason l 986a,b; Mason 
and Mendoza 1998: Schradin et al. 2003: Bales et al. 2007) . 

Bearded sakis (Ch iropotes spp.) and uakaris (Cacajao 
spp.) are at the other end of the group size continuum. 
They form large, more loosely structured groups that may 
fission into smaller feeding parties (Ayres 1986; Norconk 
and Kinzey 1994; Kinzey and Cunningham 1994; Defier 
1999a, 2003a; Veiga 2006; Bowler et al., 2009). Groups 
travel through large home ranges and day ranges are as long 
as those of any platyrrhine (Ayres 1981 , 1986; Norconk and 
Kinzey 1994; Aquino 1998: Boubli 1999; Defler 1999a: 
Peetz 2001; Barnett et al. 2002). Males do not take an active 
part in infant care. Bearded saki and uaka ri males are gener
ally larger than fema les (Table 9.2) and exhib it sex-spec ific 
characteristics of robusticity such as enlarged temporal 
muscles (Figs 9. l and 9.2). Both male and fema le bearded 
sakis exh ibit well-developed beards upon sexual maturity 
and colorful. relatively large external genitalia (pink scrotum 


